Purpose of the study: The aim of this retrospective study was to analyze outcome in 23 cases of Delta III reverse ball-and-socket total shoulder prosthesis implantation for acute complex fractures of the proximal humerus in an elderly population with poor bone quality. In this type of population, this procedure could respond to the difficulties of a reliable and efficient re-fixation of the tubercles. Material and methods: From 1993 to 2000, 23 Delta III prostheses were implanted by a single operator for acute injury: 18 three-part and four-part fractures and five fracture-dislocations. The study population included two men and 21 women, mean age 75 years, ten on the dominant side. Surgery was performed under general anesthesia in the semi-sitting position via the anterolateral approach without osteotomy of the acromion, with 10-20
Introduction
Surgical treatment of recent complex displaced proximal humeral fractures continues to be debated and is divided between extra-and intramedullary osteosynthesis (Neer [1] , Cuny et al. [2] ), the Bilboquet implant (Doursounian et al. [3] ), and hemiarthroplasties (Neer [4] , Tanner and Cofield [5, 6] , Worland and Arredondo [7] ). These solutions only function mechanically if the tubercles heal in the anatomic position (Boileau et al. [8] ). In the elderly subject with osteoporosis and deteriorated rotator cuff, fixation of the tubercles, sometimes impossible and always delicate, is exposed to resorptions, migration, and non-union, which severely worsen the functional result, possibly spiralling the patient into dependence.
Reversing surfaces (Kolbel and Freidebold [9] ) associated with fixation and medialization of the center of shoulder joint rotation (Grammont et al. [10, 11] ) makes it possible to increase the lever arm and strength of the deltoid, the only muscle necessary for the implant to function.
The objective of this retrospective study was to assess the clinical and radiographic results of Grammont reverse arthroplasty in these traumatic indications with from 5-12 years follow-up to confirm or refute the preliminary study reported by Hubert et al. [12] .
Material and methods
From 1993 to 2000, the same operator performed 23 reverse arthroplasties for 18 recent four-part fractures and five fracturedislocations of the upper end of the humerus classified according to the Neer classification [13] . The patients were two males and 21 females, with a mean age of 75.5 years (range, 58-90 years), ten on the right side and 13 on the left, in 13 cases injured on the dominant side. The patients' background study brought out four cases of severe degenerative disease of the rotator cuff, two cases of type 1 diabetes, two cases of complicated exogenous conditions, two of senile dementia, two of social destitution, and two cases of morbid obesity. Preoperative image studies comprised Lamy AP and profile x-rays to identify the fracture, look for indirect signs of sub-acromial impingement, assess the degree of osteoporosis, as well as a CT to specify the exact anatomy of the axillary margin of scapula in view of implanting a metaglenoid and to assess the degree of fatty infiltration using the criteria reported by Goutallier et al. [14] .
Surgery was always performed under general anesthesia with the patient in a semi-seated position, by an anterolateral approach without osteotomy of the acromion, creating a trapezius-anddeltoid detachment. After identification of the remaining tubercles and ablation of the humeral head cap for measurement and sent for a pathoanatomy examination, the anteroinferior and posterior excision of the capsule made it possible to position the forked retractor turning down the humeral shaft and thus providing a perfect view of the glenoid. The anatomic review did not reveal a fracture in a neoplastic context in any of the patients but in all cases showed major osteoporosis, in three cases associated with signs of osteoarthritis and in two cases with chondrocalcinosis. The glenoid was reamed in a circular manner until bleeding subchondral bone was reached. Primary stability after impaction of the metaglenoid was always satisfactory and the associated quadruple screw fixation was placed convergently for the two equatorial screws and the apical screw toward the base of the coracoid process. Drilling for the lower screw was done at a slow rotation speed so that the bone contact in the axillary margin could always be felt, and with a slight descending inclination. The glenosphere was size 42 in the two males and size 36 in all the females. Humeral preparation raised no particular problems: the shaft was directly accessible with an adduction-flexion movement. The trial implants were adjusted for height and tension, ideally, once reduction had been completed, with the fifth fingertip sliding easily between the sphere and the trial implant polyethylene in a patient presenting optimal curarization. Retroversion of the humeral implant was between 20 and 10 • tending toward implantation in a neutral position in an attempt to increase mobility in rotation. One patient had 10 • anteversion. Except for the first case, all the stems were cemented using lowviscosity antibiotic cement after a diaphyseal cement plug had been placed. The epiphyseal prosthesis fin allowed suturing the long part of the biceps as well as, in five cases in whom bone quality was adequate, nearly complete fixation with good mechanical stability using four horizontal circles and two vertical circles of nonresorbable sutures from the lesser tubercle and the greater tubercle. Elbow immobilization with a shoulder guard was maintained for 3 weeks.
Postoperative rehabilitation was not possible in the cases of social destitution, dementia, and morbid obesity. It was passive for 45days for the cases of tubercle reinsertion and active in the other cases.
Postoperative assessment was based clinically on the Constant and Murley score [15] and on Lamy AP x-rays in three rotations and lateral x-rays. Follow-up visits were conducted every month for the first 4 months, then every 3 months during the first year and finally every year.
Results
Only 16 cases out of 23 could be examined with a follow-up of 5-12 years because of seven deaths.
Four complications were noted: two cases of complex regional pain syndrome type 1 (algodystrophy) that resolved in 6 and 9 months with medical treatment, one early postoperative Acinetobacter infection at 3 weeks requiring revision but preserving the prosthesis, and one anterior dislocation at 1 month because of voluntary 10 • anteversion of the humeral implant requiring it to be reoriented.
At a mean 86 months follow-up, the raw Constant score was 60 points with a score of 83 for the opposite shoulder. The results were good for pain, with near painlessness (14.1 points) and activity with preservation of autonomy (13.3 points); the results were mediocre for strength, rated at 16.1 points and disappointing for mobility at 16.5 points. Flexion and abduction were greater than 120 • in all patients with a score of 6.5 points except for two cases revised for infection and dislocation. Internal rotation, with 2.4 points, only rarely allowed the patient to place her hand on her sacrum. External rotation, scored very low at 1.1 points, did not allow the patient to put her hand behind her head with the elbow pointing forward. The five patients in whom the tubercles had been reinserted presented better rotations, with 2.4 points for external rotation and most particularly 4.6 points for internal rotation, in two cases allowing the patient to put his hand at the L3 level. In the five patients with 10 • retroversion, internal rotation was scored at 5 points with in one case the patient able to reach T12. Although anteversion aiming to increase internal rotation was an error because it resulted in our sole case of dislocation, it did not seem illogical to tend toward lower retroversion on the order of 10 • .
The radiographic results on the glenoid demonstrated one case of aseptic loosening at 12 years, following the appearance of a 2-mm-thick radiolucent line at 8 years of follow-up, aggravated by a humeral notch at 11 years (Fig. 1) . This was our first case, a male with type diabetes with a 42-mm-diameter sphere who had had the metaglenoid replaced in June 2005 with no particular technical problems because the bone mass had been preserved. According to the criteria of Valenti et al. [16] , 11 humeral notches were observed with a mean time to onset of 4.7 years. The mean time to onset of the six type 1 notches was years, of the four type 2 notches 4.3 years, and of the sole type 3 notch 5 years (Fig. 2) . No type 4 notches were noted. Nine cases of inferior spurs, with no functional repercussions and no progression on the X-rays, were reported with a mean time to onset of 2.5 years (range, 1-6 years) (Fig. 3) .
The radiographic results of the humerus comprised three proximal medial lyses appearing at 6 and 10 years, one proximal lateral lysis demonstrated at 10 years, and one radiolucent line at the bone-cement junction, medial and proximal, at two-thirds of the height of the prosthesis stem observed at 5 years of follow-up. No humeral loosening was noted.
At a mean 86 months follow-up, except for two cases reoperated for early infection and dislocation, despite the high number of abnormal X-rays, only one patient presented mechanical failure, at 12 years of follow-up, requiring a new intervention.
Discussion
Treatment of recent complex, displaced fractures of the proximal humerus is not unequivocal.
Rigid screw and plate fixations provide high-quality reduction and stabilization (Olivier et al. [17] , Paavolainen and Christensen [18], Szyszkowitz et al. [19] ). Nevertheless, they are difficult to put in place because the bone fragments are small and the risk of worsening devascularization increases the possibility of secondary necrosis (Kristiansen and Christensen [20] ). The solution may involve the use of new locking screw and plate fixation (Hersan et al. [21] ) or basket fixation (Ehlinger et al. [22] ) to increase the stability of the assembly, promote the revascularization phase (Lee and Hansen [23] ), and proceed to early rehabilitation, including in patients with severe osteoporosis.
Light anterograde nailing in patients with complex disimpacted and dislocated fractures seems to be an alternative to arthroplasty because the self-locking screws provide good fixation of the different bone fragments in the three anatomical planes, thus promoting revascularization of the humeral head with very few cases of secondary necrosis (Cuny et al. [24] ). These remarkable results, reproducible on condition that the surgical technique is scrupulously respected with no sub-acromial impingement with an insufficiently buried nail, are confirmed at 4 years of follow-up, making it possible to broaden the indications for conservative treatment (Chassat et al. [25] , Cuny et al. [26] ). Nevertheless, in cases of pronounced osteoporosis, this type of fixation seems to reach its limits and arthroplasty fully preserves its value (Beguin et al. [27] ).
The Bilboquet implant is classified as conservative treatment. Consolidation of the tubercles in their anatomical position can be obtained by preserving metaphyseal bone mass, thus allowing early rehabilitation. Few cases of secondary necrosis have been reported (Doursounian et al. [3] ). This implant seems more indicated for Neer type 3 and 4 fractures. The overall result is deemed satisfactory, but a longer follow-up period is necessary to validate this therapeutic option so as to better apprehend the problem of necrosis over time (Le Du et Favard [28] ). In addition, the surgical technique is complex and learning it difficult (Cuny et al. [24] ).
The first publications on the use of implanted prostheses in fourpart fractures and when fractures and dislocations are combined reported good results for pain and recovery of autonomy on condition of a perfectly executed technical procedure (Neer [4] , Tanner and Cofield [5] , Compito et al. [29] , Schai et al. [30] ). However, in cases with severe associated involvement of the rotator cuff, the pain result remains acceptable (Naranja and Iannotti [31] ), but the functional gain becomes disappointing (Neer et al. [32] ). Poor functional results have also been observed (Huten and Duparc [33] ), Hawkins and Switlyk [34] , Pietu et al. [35] , Movin et al. [36] . Becker et al. [37] showed poor glenohumeral mobility except in young subjects (Wretenberg and Ekelund [38] ). For other authors, the mobility results are uncertain (Goldman et al. [39] , Larrouy et al. [40] ). The problems encountered may stem from the quality of the tubercle reconstruction (Boileau et al. [8] , Coste et al. [41] ), and the functional score may be directly related to consolidation of the tubercles in the anatomic position (Le Huec et al. [42] ). This has led to the idea of creating a specific implant for fractures restoring lateral offset and humerus length while associating a window in the epiphysis so that cancellous bone can be used, thus promoting consolidation of the tubercles in the anatomic position and, most particularly, the trochiter (Boileau et al. [43, 44] ). Although the surgeon's experience remains of utmost importance, this implant can improve the anatomic and clinical results (Jacquot et al. [45] ). Nevertheless, if there is major osteoporosis and deterioration of the rotator cuff, making tubercle fixation difficult if not impossible, this type of implant has its limits and the reverse concept may be an alternative (Hubert et al. [12] ). The present series, with a mean follow-up of 86 months, argues in favor of this work.
We were not able to find specific publications on the use of the reverse prosthesis in recent injuries in the elderly. Used in cases of eccentric omarthritis, this prosthesis is not exempt from specific complications. The glenosphere no longer becomes unscrewed with the new fixation system. The main problem is the appearance of a notch at the axillary margin of the scapula caused by mechanical impingement between this margin and the medial edge of the cup. This impingement is worsened when the arm hangs along the body and in adduction movements. The hollowing can reach the lower screw of the metaglenoid fixation, leading to implant rupture and loosening (Delloye et al. [46] ). In our opinion, to prevent this phenomenon implantation of the metaglenoid should be lowered a few millimeters and inclined approximately 10 • in the vertical plane to give the inferior polar screw a slightly descending trajectory. It may be necessary to orient it toward a notched prosthetic epiphysis in its medial section or toward a glenosphere that is more protective of the axillary margin. These solutions should prolong the anatomical and clinical results presented herein that we find to be a good therapeutic alternative in the physiologically aged subject with tuberosities that are difficult or impossible to suture.
Conclusion
For recent, complex displaced fractures of the proximal humerus, although osteosynthesis and the Bilboquet implant have found their place alongside hemi-arthroplasties, the reverse ball-and-socket shoulder prosthesis seems able to complete the therapeutic armamentarium for the elderly subject in whom degenerative pathologies of the rotator cuff and osteoporosis make tubercle reinsertion difficult. At a mean follow-up of 86 months, it provides good results for pain, strength, activity, and mobility other than rotations, with no alarming images on the humerus, but with six instances of glenoid problems: one case of aseptic loosening of the metaglenoid 12 years after surgery and five cases of stage 2 and 3 notches in the axillary margin of the humerus. Monitoring the outcome of these notches with longer follow-up and additional studies is vital to validate the use of a reverse prosthesis in recent injuries.
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